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The thesis entitled "Ti(III)–mediated epoxide opening reactions to construct five–membered carbocycles, studies directed toward the synthesis of rhizopodin and the total synthesis of deoxocassine" consists of three chapters.
Chapter–I: Describes the Cp2Ti(III)Cl radical mediated opening of chiral 2,3–epoxy alcohols to construct five–membered carbocycles with multiple chiral centres.
Chapter–II: Illustrates the stereoselective synthesis of the C16–C28 fragment of C2–symmetric cytostatic macrolide rhizopodin.
Chapter–III: Deals with the total synthesis of piperidine alkaloid (+)–deoxocassine.

CHAPTER–I
Ti(III)–mediated epoxide opening reactions to construct five–membered carbocycles:
Cyclopentanoid motif is an important and integral part of many biologically active natural products. For the stereoselective preparation of highly functionalized five–membered carbocycles, even though a wide variety of methods were available, still new methods are always of considerable interest. Cp2Ti(III)Cl mediated reactions play a significant role in organic synthesis. With the inspiring results of Ti(III) radical mediated reactions, found in literature and our laboratory, we were interested to investigate Ti(III)–mediated epoxide opening reactions for the construction of highly functionalized five–membered carbocycles. Ti(III)–mediated epoxide opening followed by intramolecular trapping of the generated radical with suitably placed unsaturation can provide the cyclic products. Thus five–membered carbocycles can be synthesized from 2,3–epoxy alcohols 11A–D via a Ti(III)–mediated epoxide opening reaction. Presence of trisubstituted unsaturation as shown in 11A–D can provide five–membered carbocyles with additional methyl centre at the side arm.

Scheme 1
			We started our synthesis from the commercially available pent–4–yn–1–ol (1) which was protected as its PMB ether by using PMBBr to get compound 2 in 85% yield (Scheme 1). Treatment of the acetylide, generated from compound 2 by using nBuLi, with aldehydes 3a–b resulted in the formation of propargyl alcohols 4a–b in excellent yield. Reaction of compounds 4a–b with Red–Al produced the allylic alcohols 5a–b which were protected using TBSOTf to get the TBS ethers 6a–b. Oxidative cleavage of PMB ether functionality was carried out by employing DDQ under buffered conditions to get the primary alcohols 7a–b which were oxidized to the corresponding aldehydes 8a–b under Swern oxidation conditions. Reaction of the aldehydes 8a–b with stabilized phosphoranes Ph3P=C(R')COOEt (R' = H, CH3) produced the ,–unsaturated esters 9A–D which were desilylated using TBAF to get the allylic alcohols 10A–D. Sharpless kinetic resolution (SKR) of the racemic compounds 10A–D by using L–(+)–DIPT resulted in the formation of 2,3–epoxy alcohols 11A–D in appropriate yield. To our pleasure, unreacted allylic alcohols 12A–D could be converted back to the precursor allylic alcohols 10A–D via a two step sequence i.e. Swern oxidation and Luche reduction conditions.
			Now the stage was set to carry out the crucial Cp2Ti(III)Cl mediated epoxide ring opening reaction. Reaction of the epoxy alcohols 11A–D with Cp2Ti(III)Cl, generated in situ by the reaction of Cp2TiCl2 with Zn dust and fused ZnCl2, produced a radical which underwent smooth intramolecular cyclization with ,–unsaturation therein the molecule to form a new C–C bond stereoselectively and led to highly functionalized five–membered carbocycles 13A–D as the major isolable products (Scheme 2).

Scheme 2
			The relative stereochemistries of C2, C3 (13A–D) and C8 (13B,D) centres were unequivocally assigned by incisive NMR studies such as NOESY and HSQC experiments. These compounds have been analyzed by using 1D–1H decoupling and 2D NMR techniques such as DQF–COSY and NOESY. The conformation of the molecule is fixed by considering the observed coupling constants and nOes.
			We have observed a consistency in nOe correlations for all of the products 13A–D. Strong nOe cross–peaks C2H  C8Ha and Hb, C2H  C7H, C6H  C8Ha and C1H  C7H were observed for the compounds 13A–D. In addition to these observations, strong nOe correlation C3H  C9H was also observed in compounds 13B,D (Figure 1). Interestingly, the fixation of C8 methyl stereo centre was found to be the same in both 13B and 13D.
			










Figure 1
			Several biologically active iridoids and other natural prodcuts are having highly substituted cyclopentanoid motif and the products 13A–D would find suitable applications in natural product synthesis. That three consecutive new chiral centres were stereoselectively fixed in a single–step radical mediated reaction is noteworthy achievement.
CHAPTER–II
Stereoselective synthesis of the C16–C28 fragment of rhizopodin:
			Myxobacteria produce a wide variety of secondary metabolites with interesting biological activities and distinct structures. Rhizopodin (14) is one such example, which was isolated from the culture broth of the myxobacterium, Myxococcus stipitatus in 1993 by Sasse et al. Initially it was proposed that rhizopodin was a 16–membered macrolide but later revised as a C2–symmetric 38–membered dilactone bearing 18 stereogenic centres, two disubstituted oxazole rings, two conjugated diene systems and two enamide side chains by X–ray analysis of its complex with rabbit muscle G–actin and extensive NMR studies (Figure 2).

Figure 2. Rhizopodin (14)
			It showed potent cytostatic activity against a range of tumor cell lines in the low nanomolar range. The cytostatic activity was attributed to formation of a ternary complex with two G–actin molecules where the enamide side chains play a key role. It specifically binds to select sites of G–actin and disrupts the cytoskeleton there by inhibiting the actin polymerization. Biological studies further revealed that rhizopodin affects the dynamics of actin skeleton of macrophages there by showing significant change in the phagocyte efficiency for yeast cells.
			Scheme 3 discloses the retrosynthetic analysis of the rhizopodin (14). Inspection of the structure of rhizopodin revealed that it could be synthesized by the macrolactonization/cyclodimeriaztion of suitably protected compound 15 which in turn could be obtained from the two key intermediates 16 and 17. In the present chapter we describe the synthesis of C16–C28 fragment (16) of the molecule.
			For the synthesis of the fragment 16, an enatioselective addition of titanium enolate to dimethyl acetal, nBu2BOTf mediated Evans' aldol reaction, Horner–Wadsworth–Emmons olefination under Paterson's conditions, Corey–Bakshi–Shibata (CBS) reduction of ketone and Mukaiyama aldol reactions were applied as key steps.

Scheme 3. Retrosynthetic analysis of rhizopodin (14)
			Our synthesis commenced with the Evans' aldol reaction of (R)–4–benzyl–3–propionyloxazolidin–2–one (18) and the aldehyde 19, prepared by the oxidation of mono–PMB protected 1,3–propanediol, to furnish the compound 20 in 90% yield (Scheme 4). Reductive removal of the chiral auxiliary by using NaBH4 gave a 1,3–dihydroxy compound 21 in 76% yield. Selective O–silylation of the primary hydroxyl group by using TBDPSCl furnished the compound 22 in 90% yield. Etherification of the secondary hydroxyl group by using MeI afforded compound 23 in 89% yield. Desilylation of compound 23 was carried out by using TBAF to obtain the primary alcohol 24 in 78% yield. Oxidation of the alcohol 24 by Swern oxidation method produced the aldehyde 25 in quantitative manner.

Scheme 4
			As described by Urpi et al, enantioselective addition of titanium enolate of (S)–1–(4–isopropyl–2–thioxothiazolidin–3–yl)propan–1–one (26) over the dimethyl acetal 27 furnished the compound 28 in 82% yield (Scheme 5). 

Scheme 5
			Displacement of thiazolidinethione auxiliary of compound 28 by the anion generated from dimethyl methylphosphonate by using nBuLi resulted in the formation of –keto phosphonate 29 in 90% yield (Scheme 6). Keto phosphonate coupling between compound 29 and the aldehyde 25 by using Ba(OH)2·8H2O as a base gave the α,β–unsaturated ketone 30 in 77% yield. Chemoselective hydrogenation of compound 30 provided the compound 31 in quantitative yield and the keto functionality was then reduced under standard CBS conditions to get compound 32 in 88% yield. Protection of the secondary hydroxyl group as its TIPS ether by using TIPSOTf resulted in the formation of orthogonally protected compound 33 in 85% yield. Oxidative cleavage of PMB ether with DDQ under buffered conditions gave the primary alcohol 34 in 64% yield. 

Scheme 6
			Oxidation of the primary alcohol 34 by using Dess–Martin periodinane furnished the –methoxy aldehyde 35 in quantitative yield, which was subjected to a 1,3–anti diastereofacial selective Mukaiyama aldol reaction with methyl trimethylsilyl dimethylketene acetal to provide compound 36 as the major diastereomer in 64% yield (dr ≥8:1). The hydroxyl group was then protected as TES ether using TESOTf to get compound 37 in 80% yield. Reduction of the methyl ester by using DIBAL–H delivered the C16–C28 fragment (16) of the rhizopodin in 79% yield (Scheme 7). 

Scheme 7
			Thus the stereoselective synthesis of the C16–C28 fragment (16) of C2–symmetric cytostatic macrolide rhizopodin was achieved in an overall yield of 13.4% starting from acetate aldol 28 in a linear sequence of 10 steps and further work to complete the total synthesis of the molecule is now under progress in the laboratory.

CHAPTER–III
Total synthesis of (+)–deoxocassine:
			Piperidine alkaloids possessing a 2,3– or 2,3,6–substitution, particularly a hydroxy group at C3 position occur widely in nature. The hydroxylated piperidines display a wide range of biological activities such as antibiotic, anesthetic and CNS stimulating properties. The physiological effects stem from their ability to mimic carbohydrate substrates in a variety of enzymatic processes. Selective inhibition of a number of enzymes involved in the binding and processing of glycoproteins has rendered piperidine alkaloids as important tools in the study of biochemical pathways.
			Numerous compounds possessing variety combination of relative stereochemistries at 2,3,6–positions have been found in the nature. Since their discovery in the 1960s, much effort has been directed both to the synthesis of the 2,3,6–substituted piperidines and subsequent application to the total synthesis natural alkaloids. (+)–Deoxocassine was a simple analogue of natural alkaloid (–)–cassine.

Figure 3. (+)–Deoxocassine (38)
			The retrosynthetic analysis of (+)–deoxocassine (38) is shown in Scheme 8. We have envisioned that hydrogenation of compound 39 will result in one–pot debenzylation, N–Cbz deprotection and saturation of the olefinic bond to get the final target molecule. Compound 39 could be accessed from alcohol 40 by successive Dess–Martin periodinane oxidation and Wittig olefination.

Scheme 8. Retrosynthetic analysis of (+)–deoxocassine (38)
			A base mediated intramolecular nucleophilic displacement of a mesylate by an amine in compound 41 followed by N–protection and silyl deprotection would provide the alcohol 40 (Scheme 8). Orthogonally protected compound 41 could be realized from the compound 42 which in turn was achieved from the alkynol 43 via Mistunobu inversion, hydrogenation and amine protection sequence. Nucleophilic addition of acetylide derived from dimbromo alkene 45 over the aldehyde 44 was the key execution to get the compound 43. Commercially available L–alanine (47) would be the precursor for the aldehyde 44 whereas L–ascorbic acid (46) for dibromo–olefin 45.
			We started our synthesis with the readily available L–alanine 47 which was perbenzylated by reacting with BnBr to get ester 48 that was reduced by reacting with LiAlH4 to get alcohol 49 in 50% yield over two steps. Swern oxidation of the alcohol 49 furnished the aldehyde 44 in quantitative yield (Scheme 9).

Scheme 9
			Commercially available L–ascorbic acid 46 was converted to the diol 50 in a four–step sequence as shown in Scheme 10. Oxidative cleavage of the diol was carried out by reacting it with NaIO4 and treatment of the resultant aldehdye with triphenylphosphine (TPP) and CBr4 afforded the dibromo–olefin 45 in 28% yield over two steps.

Scheme 10
			Treatment of the acetylide, derived from compound 45 by reacting with nBuLi, with the aldehyde 44 afforded the alkynol 43 as the major diastereomer in 66.5% yield (Scheme 11). Mitsunobu inversion of the hydroxyl group present in compound 43 afforded the ester 51 which upon saponification provided the alkynol 52 in 66% yield over two steps. Hydrogenation of the compound 52 by using Pd(OH)2/C furnished the primary amine 53 in quantitative yield which was immediately protected as N–Boc carbamate to get compound 42 in 81% yield.

Scheme 11
			Treatment of the compound 42 with BnBr furnished the benzyl ether 54 which upon treatment with CSA delivered the diol 55 in 78% yield over two steps (Scheme 11). Selective O–silylation of the diol was carried out by reacting with TBSCl to get the compound 56 in 76% yield. Reaction of the alcohol 56 with MsCl furnished the orthogonally protected compound 41 in 70% yield. Boc deprotection of carbamate 41 was carried out under mild conditions by reacting with TBSOTf and 2,6–lutidine followed by 1% citric acid in MeOH to get the primary amine 57 in 85% yield.
			Hünig's base mediated intramolecular displacement of mesylate functionality by amine present in compound 57 furnished the piperidine compound 58 in 80% yield (Scheme 12). Protection of the piperidine 58 as N–Cbz carbamate was achieved by reacting with CbzCl to get compound 59 and subsequent silyl deprotection afforded the primary alcohol 40 in 57% yield over two steps. Oxidation of the alcohol 40 was carried out by reacting with Dess–Martin periodinane (DMP) to get the corresponding aldehyde 60 in quantitative manner.

Scheme 12
			Reaction of the phosphonium salt 61 with nBuLi produced an ylide which was allowed to react with aldehdye 60 to get the compound 39 in 75% yield (Scheme 13). Hydrogenation of the compound 39 by using Pd/C resulted in one–pot debenzylation, N–Cbz deprotection and saturation of the olefinic bond to get the final target molecule (+)–deoxocassine (38) in 80% yield.

Scheme 13
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